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Previously, we compared some features of the wing apparatus and flight in five families of short horned flies (Brachycera) [9] . In the course of the study it was revealed that significant differences occur both between the families studied and species from the same family.
This study provides data on the results of our com parative analysis of the wing apparatus and flight in nine species of flower flies (Syrphidae).
MATERIAL AND METHODS
Nine species from the family Syrphidae were used in this study: Sphaerophoria scripta L., Episyrphus bal teatus De Geer, Syrphus ribesii L., Eristalis tenax L., Eristalis arbustorum L., Helophilus trivittatus F., Helo philus pendulus L., Volucella pellucens L., and Xylota segnis L. The insects were collected in the environs of Moscow. Only males, 5-11 specimens of each species, were singled out for the experiments, because the body mass of females can vary during maturation and ovipo sition. The experiments were performed under labora tory conditions at temperatures of 25-28°C.
The flight velocity of insects (v) was measured in a 45 × 40 × 15 cm chamber using a digital camera by recording videos at 210 frames per sec. Only rapid straight flights in the horizontal plate were registered. The flight velocity was determined by computer anal ysis of the video recordings.
Aerodynamic force (T) was registered using a verti cally oriented thin flexible plate, either metallic or plastic. The upper end of the plate was fixed on a holder. The insect was attached to the lower end of the plate by its scutum. During the flight, the maximum bending of the plate end was registered. After the experiment, we calculated what weight (in newtons) applied to the end of a horizontally fixed plate would result in the deflection recorded. This method does not allow us to distinguish the thrust from the lifting force, but it gives a general idea of the maximum total force produced by the wing apparatus activity.
Wing beat frequency (n) was also determined in fixed flight by recording sound vibrations. The princi ple frequency was measured by computer analysis. In order to control the reliability of the method, a strobo scope was used.
Stroke amplitude (A) and stroke plane angle (β) in fixed flight were determined by analyzing the high speed videos. Stroke amplitude was considered to be an angle between the wing base and extreme points of its apex in the stroke plane. Stroke plane angle was defined as an angle between the longitudinal body axis and the line through the extreme positions of the wing apex.
Morphological parameters were measured imme diately after the insects had been killed. Body mass (m) was determined using an analytical balance. In order to measure body volume (V), the insect was immersed in a graduated pipette filled with water, and changes in the water level were registered. Wing area (S) was determined by photographs using the Kompas computer program.
Based on the obtained data, the derived quantities were calculated. Body density (m/V) was a ratio between body mass and volume. Wing loading (P) was determined as a ratio between the insect's body mass and total area of its wings. Relative aerodynamic force (T/m) was a ratio between aerodynamic force and body mass. The data were statistically processed using the Sta tistica computer program. The significance of differ ences between the values of parameters was assessed by the Mann-Whitney-Wilcoxon test. The significance of correlations between the parameters was assessed by Spearman's correlation coefficient.
RESULTS AND DISCUSSION
Body mass and volume. The body mass and volume in short horned flies depend on their size and develop ment of air sacs in the thorax and abdomen. In the spe cies studied, the body mass varies from 12.4 to 113.6 mg, and their body volume falls within a range of 18-242 mm 3 ( Table 1 ). The body density (m/V) equals 0.48-0.68 mg/mm 3 . The lowest density was registered in V. pelucens. The highest density was found in S. scripta. In addition, the above mentioned species are characterized by minimum and maximum body mass and volume, respectively.
Wing area. The average wing area in the species studied vary from 8.2 to 45.1 mm 2 (Table 1) . Based on the obtained data, the wing loading (P) was calculated. The lowest wing loading was found in E. balteatus Wing beat frequency is an important character which displays the performance of the wing apparatus. Members of the family Syrphidae belong to fast flying insects. The average frequency varies from 151 Hz in V. pellucens to 221 Hz in E. arbustorum.
Stroke plane angle can significantly vary during maneuvering flight. Nevertheless, it is still possible to compare this parameter in different species. The aver age stroke plane angle varies from 29 to 49°. The lowest value registered in S. scripta. The highest angle was found in E. arbustorum (Table 2) .
Stroke amplitude varies from 46 to 96°. The lowest amplitude was registered in S. scripta. The highest value was found in V. pellucens.
There are literature data [5] [6] [7] [10] [11] [12] on particu lar features of flight in some Syrphidae species studied by us: S. ribesii, E. balteatus, S. scripta, E. tenax, and V. pellucens. Primarily, these works contain data on such parameters as wing length and area, wing load ing, wing beat frequency, and body mass. Differences from our data were observed in particular parameters of four species: E. balteatus and S. scripta (wing beat frequency), S. ribesii (wing area and loading), and V. pellucens (body mass, wing area, wing loading, wing beat frequency, and flight velocity) [10] [11] [12] . These deviations can be related to differences in meth ods of measurement or individual variability of insects from different populations. Moreover, gender of insects and sample size are not always provided in these literature sources.
Based on the analysis of the obtained data, there are correlations between the studied parameters at the intraspecific level.
Specimens of the same species often vary in size that is reflected in body mass. According to our data, the body mass is an important parameter effecting the majority of flight characters. The species studied, as a rule, demonstrate a linear increase in their body mass along with body volume, wing area, and wing loading. At the same time, other parameters demonstrate no correlations that are common in the majority of spe cies.
The analysis of correlations of the parameters stud ied demonstrated that there are interdependent char acters at the level of the family Syrphidae. Thus, an increase in body mass results in a linear increase in body volume (r = 0.96). Besides, a weak negative cor relation is tracked between the body mass and density (r = -0.32). The relative and total aerodynamic force have a positive correlation with the body mass (r = 0.85), while the flight velocity does not depend on the body mass.
Apparently, the wing area is nonlinearly dependent on the body mass (r = 0.91) (Fig. 1) . Therefore, the regression line of the correlation between wing loading and body mass (r = 0,77) has the form of a curve turn ing into the plateaus (Fig. 1) : the wing loading varies insignificantly in the insects with the body mass of 60 g and more. The wing area, wing beat frequency, stroke amplitude, and stroke plane angle forms a group of interrelated parameters. An increase in wing area leads to a decrease in wing beat frequency (r = -0.52), while the values of the stroke amplitude and stroke plane angle grow bigger (Fig. 2) . Thus, the stroke amplitude has a negative correlation with the wing beat frequency and a positive correlation with the stroke plane angle (r = 0.61).
The analysis of the obtained data shows that there are differences between the subfamilies Syrphinae and Eri stalinae. Eristalinae species studied (E. tenax, E. arbus torum, H. trivittatus, H. pendulus, V. pellucens, and X. segnis) on the average have greater body mass as compared to the family Syrphinae (E. balteatus, S. scripta, and S. ribesii). It follows that the studied species of the family Eristalinae on the average have greater body volume, wing area, and wing load. They also demonstrate higher values of aerodynamic force and stroke amplitude.
Therefore, by the example of the family Syrphidae it was shown that many flight characters of dipterans are closely related: changes in some of them expect edly lead to variations in other. The body mass has a great effect on many related parameters. For this rea son, it effects peculiarities of flight and wings' perfor mance. At the same time, it can be assumed that values of these parameters partially depend on the taxonomic status, ecological specificity, and behavior of insects.
